Previous reports, reviewed in a recent symposium,2 suggest that infection of the mucous membranes in vitamin-A-deficient animals is secondary to the well-known epithelial changes such animals display and that early in the course of this avitaminosis resistance to infection is reduced. A study" 7 designed primarily to follow pathologic changes associated with a prolonged, mild, chronic vitamin-A deficiency in rats afforded an opportunity to obtain further information on this question, as well as to determine the bacteriological changes which occur during the development and course of such a deficiency.
Previous reports, reviewed in a recent symposium,2 suggest that infection of the mucous membranes in vitamin-A-deficient animals is secondary to the well-known epithelial changes such animals display and that early in the course of this avitaminosis resistance to infection is reduced. A study" 7 designed primarily to follow pathologic changes associated with a prolonged, mild, chronic vitamin-A deficiency in rats afforded an opportunity to obtain further information on this question, as well as to determine the bacteriological changes which occur during the development and course of such a deficiency.
A detailed bacteriological examination of the mucosal surfaces and of the viscera of these rats was undertaken with the idea of ascertaining the value of this vitamin in infection. Furthermore, the prolongation of a mild vitamin-A deficiency would tend to establish a more chronic type of infection in the tissue and thereby give some additional information as to the nature of the immunological response elicited.
Methods
The following report deals with the bacteriological findings from the mucous membranes and viscera of 56 rats fed a diet poor in vitamin A, 95 litter-mates that were fed adequate amounts of vitamin A, and 10 rats whose diet had been entirely free of this vitamin. Details regarding nutritional studies and feeding are presented in another report.1 The rats were divided into four groups and designated as N-stock, the normal stock on a calf-meal diet; A-adequate, fed the synthetic diet with adequate vitamin A; A-low, those on the synthetic diet with maintenance doses of vitamin A; and A-free, those on the synthetic diet completely lacking in vitamin A.
The first rats to be sacrificed for bacteriological study were killed at 15 days, others were sacrificed after intervals of 25, 40, 70, 85, 100, 200, and 365 days. The animals in the A-free group died within 60 to 90 days.
The routine bacteriological procedure follows: Immediately after death the rat was fastened to a board and the entire outside of the body bathed generously in lysol before removal of the skin. After the skin had been freed from the body, both the abdominal and chest cavities were exposed. Of the heart blood, procured with a sterile syringe and needle, 1 cc. was inoculated into a tube of Holman's meat medium and the remainder was retained for serological purposes. Portions of the lung, liver, spleen, and kidney were removed and placed in tubes of meat medium. Following examination of the viscera, the mucous membranes were exposed and scraped with a sterile platinum wire-loop. The bladder, vagina, upper portion of the jejunum, lower portion of the ileum, the colon, trachea, nasal sinuses, and middle ears were cultured. The sinuses and middle ears were approached by lifting the bony structure of the skull over the nose and ethmoidal sinuses. In addition to cultures, smears, stained by the Gram method, were made of all surface areas.
Surface blood agar plates were used for culturing the mucous membranes and the intestinal tract. This permitted a rough quantitative estimate of the predominating colonies grown from these sites. Identification and cultural studies of the organisms were made by the usual procedures.
Serological examination for the presence of agglutinins in the blood sera of the rats was made by a microscopic test. This was necessary because of the small amounts of sera available and because several bacterial strains were used, including Bact. coli, Br. bronchisepticus, Staph. aureus, Ps. fluorescens, and a Strep. hemolyticus procured from rat tissues.
The majority of the rats in the A-low, A-free, and N-stock groups were examined during the months of February to July of 1935. The rats in the A-adequate group were fed at a later period, and the majority were killed between November, 1935, and March, 1936. The colony of rats remained free of epidemics of respiratory or intestinal disease during the entire experimental period.
Samples of the diet mixtures and of the tap-water before and after feeding were taken for culturing in June, July, September, November, 1935, and January, 1936. Cod-liver oil and the yeast used in the diet were also examined bacteriologically.
Results
A marked increase in number and kinds of bacteria was found on the mucosal surfaces and in the viscera of the A-low and A-free rats.
The incidence of bacterial growth obtained from the mucosal surfaces of the sinuses, vagina, bladder, and middle ears of the experimental and control rats appears in Table 1 . A significant increase in the frequency of bacterial growth for all four sites was encountered in the rats fed a diet either poor in or free from vitamin A. Bacterial cultures were also made from the tracheal mucosa, but were not included in these observations, since the method used in killing the animals caused aspiration of contaminated material from the nasopharynx into the trachea.
Although the incidence of growth obtained from the mucous membranes of the adequately fed vitamin-A rats was high, the number of colonies obtained on the surface blood agar plates indicated that the organisms were few. On the other hand, early in the course of feeding the vitamin-A-poor diet, a significant increase in the number of colonies was noted, until they became extremely numerous in the older animals. This increase in population on the mucosal surfaces was further substantiated by means of stained smears, as is evident from the data in Table 2 . The variety of bacteria isolated from the two groups of rats also was distinctive. Whenever bacteria were grown from the mucosal surfaces of the control animals, they included a large variety. They usually consisted of a few colonies of Strep. viridans, of Gramnegative cocci, occasional Staph. aureus or albus, diphtheroids, and spore-forming aerobic bacilli; very infrequently some of the rats showed a few hemolytic streptococci. When present at all, the Br. bronchisepticus was the only organism occurring in significantly greater numbers. In contrast, the A-low and A-free groups of rats showed a dominance of one or two kinds of organisms, including Staph. aureus, Ps. fluorescens, and when present Br. bronchisepticus. Furthermore, when one mucosal surface showed a change in the bacterial flora, the others seemed to show a similar alteration.
The incidence of recovery of Ps. fluorescens, Staph. aureus, Br. bronchisepticus, Bact. coli, and Strep. hemolyticus from five of the mucosal surfaces of the rats of the control and experimental groups is presented in Table 3 .
Bact. coli and Strep. hemolyticus were included in these observations for they demonstrated another type of bacteriological response to the diet. Strep. hemolyticus, although probably slightly increased in incidence, showed no evidence of numerical increase on the mucosal surfaces of either the A-low or A-free group of rats. Bact. coli, on the other hand, actually was decreased in incidence and number on all the mucous membranes, including the intestinal.
Further evidence to substantiate the decrease in incidence and number or organisms obtained from the mucosal surfaces is shown in Table 4 . The table shows a significant decrease in the incidence and number of Bact. coli and L. acidophilus in the intestinal flora of rats fed a diet poor in vitamin A. Staph. aureus and Ps. fluorescens showed some increase in growth, but they were not found in very large numbers.
Cultures of the blood and viscera of the rats fed the diets inadequate in vitamin A also showed a greater incidence of bacteria than did the control animals. The heart blood or viscera were positive in 67 per cent (38) of the rats in the chronic vitamin-A group, in 80 per cent (8) of the completely vitamin-A-deficient rats and in 28 per cent (29) of the control rats. The bacteria that were found in the blood or viscera of the chronic and deficient vitamin-A animals were also present in large numbers on their mucosal surfaces. Staph. aureus and Ps. fluorescens were the predominant strains that invaded the tissues. Br. bronchisepticus and Strep. hemolyticuts showed very little evidence of increased invasion. Bact. coli was markedly decreased in the viscera and paralleled the findings of other intestinal organisms.
The frequency of bacterial growth from the heart blood and viscera of the control and experimental rats is given in Table 6 . The apparent difference between the A-low and A-free groups of rats becomes less significant when the rats of the A-low group, which are younger than 55 days, are removed from the analysis.
The only difference existing between these two groups is in the time required for maximum invasion to occur. Most of the A-free rats showed evidence of maximum bacterial invasion at the time of death at 55 to 90 days, while the chronic vitamin-A-deficient rats failed to show comparable findings until they had been on the diet for from 200 to 365 days.
Many tests were made to demonstrate in the sera of these rats agglutinins for Ps. fluorescerns, Br. bronchisepticus, Strep. hemolyticus, and Staph. aureus. All were negative even though both stock and recently isolated strains of each organism were employed. On the other hand, antibodies for Bact. coli were readily demonstrated in the sera of 71 per cent of the chronic vitamin-A group, 66 per cent of the vitamin-A-deficient group, and 24 per cent of the controls. The antibodies were found first in the A-low rats at 55 days, while the controls failed to show them before 365 days. Gross and microscopic evidence of inflammation of the mucous membranes of the sinuses, middle ears, and bladder was present in the majority of the rats on inadequate or deficient diets. Suppurative sinusitis was demonstrated in 38 (64 per cent) of those fed the A-poor diet and in all 10 of those on the completely deficient vitamin-A diet. None of the control animals showed gross suppuration in the sinuses, but 25 per cent exhibited histologically a definite acute inflammatory reaction in the mucous membranes. Similarly, S of the 18 rats of the A-low group showed evidence of an inflammatory reaction histologically. Although more than one kind of organism was isolated from the pus of the chronic and deficient vitamin-A rats, there seemed to be an apparent increase in the frequency of Staph. aureus with increasing evidence of suppuration.
Suppuration in the middle ears showed a significant increase in incidence for the A-low and A-free groups. Pus was found in one or both middle ears in 50 per cent of the chronic vitamin-A-deficient rats, 66 per cent of the A-free rats, and 22 per cent of the control animals. Cultures made from the pus of the middle ears in the control rats always contained a diphtheroid that had the cultural characteristics of Corynebacterium murium. Only occasionally were colonies of Staph. aureus, Strep. hemolyticus, and Br. broiwhisepticus associated with the diphtheroid. The middle ears that were free of pus in these control rats failed to show bacterial growth. On the other hand, the cultures made from the pus found in the inadequately fed A rats showed Ps. fluorescens, Staph. aureus, and Br. bronchisepticus, either in pure or mixed cultures. They were also present in ears grossly free of pus. Corynebacterium murium was found in only 33 per cent of the ears with pus, but this may have been the result of 'overgrowth by other organisms. Table 7 shows the frequency of growth and kinds of bacteria isolated from the middle ears in the four groups of rats. The only evidence of a toxemia from the heavily infected mucosal surfaces was the demonstration of mast cells in the tissues of the older A-low rats.
The possible origin of a few of the strains commonly isolated from the mucous membranes of the chronic and deficient vitamin-A rats is indicated by the kind of organisms that were recovered from the drinking water and from the diet mixture. Five bacteriological examinations of the water made at intervals of 4 to 8 weeks during the experiment showed B. flavus and Ps. fluorescens to be present in small numbers upon each examination. After the water, collected in a common distributing bottle, had been allocated to the individual cages, cultures were made from the water residue. It was found that an additional organism, namely, Strep. hemolyticus had been introduced during the procedure of watering the colony. Only rarely were staphylococci isolated from the water. The diet, which incidentally was mixed with the hands, contained predominantly a saprophyte, an aerobic Gram-positive spore-forming bacillus, probably B. megatherium. Staph. aureus was found consistently and usually in fairly large numbers in the food. Strep. hemolyticus, yeast, molds, and several unidentified bacteria were obtained in small numbers upon each examination.
Discussion
These experiments reveal many similarities in the bacteriological findings from the chronic vitamin-A-deficient rats and the complete vitamin-A deficiency group. The A-low rats are of particular value for the study of the relation of vitamin A to infection, as the progression of the changes occurring on the mucosal surfaces and in the tissues is sufficiently retarded to suggest an association between bacterial alterations and animal resistance.
One of the important differences recognized between the A-low rats and the complete vitamin-A deficiency group was the absence of widespread suppuration in the tissues of the rats fed a diet poor in vitamin A. It has been the experience of most investigators that suppuration due to a pyogenic organism is the most frequent kind of spontaneous infection in vitamin-A-deficient rats. Green and Mellanby' have demonstrated widespread distribution of such lesions throughout the body of vitamin-A-deficient rats. Death invariably resulted from overwhelming infection unless a rich supply of vitamin A was added to the diet. If the infection had not become too widespread, the administration of vitamin A would apparently control the infection and the lesions would heal. The daily minute quantities of vitamin A given to our A-low rats not only controlled the infection, but prevented widespread distribution of the lesions. However, individual variations in response occurred both in the daily quantity of vitamins required and in the extent of the lesions.
It is believed that the Ps. fluorescens and Br. bronchisepticus were secondary invaders and that the organism of greatest importance as an etiological factor was the staphylococcus. The latter was the predominant organism in both the A-low and A-free groups of rats in these experiments and was found widely disseminated throughout the tissues of the A-low rats, particularly the older ones of the group. However, none of the organs in which these bacteria were found showed gross or microscopic evidence of suppuration. Only two of the A-low animals were known to have died as the result of an overwhelming septicemia. Another manifestation of infection in the tissues of the A-low rats was the presence of mast cells, believed to be evidence of a toxemia. Increases of mast cells in the tissues and blood of rats have been produced experimentally by Levaditi6 from a single injection of toxin from a known strain of staphylococcus.
The resistance induced in the A-low and A-free rats by the administration of vitamin A is believed not to be the result of specific action on the toxin or the invasive properties of the bacteria, but to be due to non-specific stimulation. The nature of this type of immunity is not known, but it is apparently capable of acting upon many kinds of experimentally produced infection in vitamin-Adeficient animals. It is manifested in the tissues of the host bv a tendency to localize the lesion. Only small quantities of vitamins are necessary to maintain this resistance and insure the survival of the animals. The disappearance of certain kinds of bacteria from the mucous membranes and tissues of the A-low rats may be the result of other chemical changes in the body initiated by the unbalanced vitamin-A diet. Both Bact. coli and L. acidophilus have been found to be significantly decreased in the intestinal flora of rats in other dietary conditions. Friedman4 found Bact. coli to be decreased in rachitic rats, and Eppright, Valley, and Smith3 found a similar decrease of L. acidophilus in rats kept on a low-salt diet. They found that calcium and phosphorus were important salt components for sustaining L. acidophilus in the intestinal flora. Histological examinations of the teeth and tissues of the A-low rats1 indicate mild vitamin-C deficiency. It is apparent, therefore, that it is difficult to correlate infection with the lack of vitamin A until a more detailed analysis of the many chemical changes that occur in the A-low rats is carried out. Summary 1. Bacteriological studies have been made on rats in which a mild chronic vitamin-A deficiency was produced and maintained for periods up to one year. The results have been compared with those obtained from control animals exhibiting the typical vitamin deficiency and from normal rats.
2. During the year the chronic deficient animals showed a progressive increase in the number of bacteria on the mucous membranes and in the tissues. Bacterial invasion into the organs and tissue change compatible with a toxemia were consistently found in the older rats. At the end of a year, the bacteriological findings were indistinguishable from those of the acute vitamin-A-deficient animals.
3. There was a shift in the bacterial flora, from few colonies of a variety of organisms in the normal control animals to many colonies of Staph. aureus and Ps. fluorescens predominantly, both in the animals with the chronic deficiency and in those with the acute deficiency. In the latter animals there was also a marked decrease in Bact. coli in the intestinal flora and on all the mucous membranes. Strep. hemolyticus remained unaffected.
4. Suppurative lesions, chiefly in the sinuses and middle ear, were found in the majority of the older chronic vitamin-A-deficient rats. Staph. aureus is believed to be the organism of primary etiological importance, while Ps. fluorescens, Br. brondhisepticus, and other bacteria are considered to be secondary invaders.
5. The bacterial changes closely followed the changes induced in the epithelial lining of the mucosal surfaces by the low vitamin-A diet.
